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ABSTRACT Glycogen—stimulated rabbit peritoneal exudate cells

(polymorphonuclear leukocytes, PMN) produce prostaglandins (PG)

and substances which induce alterations (mediators) in experimental

animals characteristic of host metabolic responses to infection and

other acute inflammatory stresses. The effect of Zn2+ on mediator

production and PC synthesis was examined because: Zn homeostasis is

perturbed during infection, Zn is known to regulate some cellular

functions, and there appears to be an interrelationship between PG

synthesis and mediator production.

Using exudate cells, 2 mM Zn
2+ caused complete inhibition of in

vitro PG synthesis as assessed by conversion of [1—
14
C]arachidonic

acid into PG. This concentration of Zn2+ also inhibited production

of substances mediating p lasma Zn depression , hepat ic amino acid

“uptake , ” fever , and neutrop hul release from bone inarroti . Conversely,

did not inhibit in vivo metabolic responses to these mediators .

Zn—pret~ eat inent of rabbi ts  or simultaneous injection of Zn 2+ 
and

crude PIIN— dei ived pyrogenic act ivi ty  resulted in prolongat ion of

fever . It. is suggested that thi:~ action of Zn 2+ may be a t t r i b u t e d

to s tab i l izat ion  of cyclic AMP throug h inh ibit ion  of phosphod ies te rase,

since analogous experimental  r e s u l t s  were obtained u s ing  theop h y l l in c .

The ~,otentia 1 physiologi cal s ignif icance of these resu l t s  inc ludes :

possible p o tcn t ia t ion  of the host ’s defense mechanisms by Zn 2+ and i t s

u t i l iza t ion  for  prolongation of fever to determine i ts  e f f e c t  on

potential ly temperature—dependent  host defense  mechanisms . 
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Zn has been shown to influence many functions of various cell

types associated with the inflammatory process. Some of the

regulatory functions of Zn observed either in vivo or in vitro

include: mitogenic activity for lymphocytes (Chvapil, ‘76),

inhibition of platelet aggregation and serotonin release (Chvapil, ‘75),

prevention of mesenteric mast cell disruption induced by anaphy l actic

responses to several substances (Hogberg and Uvnas, ‘60), inhibition

of histamine release from mast cells (Kazimicrczak and Maslinski, ‘74),

inhibition of macrophage and polymorphonuclear leukocyte (PMN) migration

and phagocytic activity (Chvapil , ‘76) ,  inhibition of granulocyte

oxygen consumption and bactericithil act ivi ty  agains t Escherichia

coli (Chvap il , ‘77) ,  and intracellular activities too numerous

to mention. Of these. regulatory functions , t he effect of Zn on

granulocyte activities is of primary interest to this laboratory

because : Zn homeostasis is perturbed in man and experimental animals

as a sequel to infection and other acute inflarmnatory stresses (Beirel ,

‘75), and stimulated phagocytic cells produce substances which induce

several metabolic alterat ions that have been postu1~;tcd to be pa rt

of the host ’s defense mechanisms against infection (Beisel , ‘75) .

Substances Which Induce metabolic a l tera t ions  in experimental

animals comparable to those observed in infected men are prepared

routinely from glycogen—st imu late d  rabbit: pcritoneai PMN . The metabolic

a l te ra t ions  induced in rats  by these substances include:  decreased

serum Zn (Kampscliiii idt and Upc hurch , ‘70) and iron (K~impsch midt  and

JJpchurc h , ‘69) concentra t ions , Increased Zn and iron concentra t ions

wi th in  the liver (Pckarek et al . ,  ‘72h )  increased serum copper and

cerulop lasm in  concentrations (Pekarek et n i . ,  ‘72a) ,  in creased release



of neutr~phils from bone marrow (Kampschtnidt et al., ‘72), a “flux”

of amino acid s Into the liver (Wannemacher et al., ‘72b) , increased

serum a
1— and a2—acute—phase globulins (Eddl.ngton et al., ‘71),

increased RNA synthesis (Wannemacher et al., ‘75b), and decreased portal

vein glucose concentrations accompanied by increased concentrations

of glucagon and insulin (George et al., ‘75). The crude substances

derived from stimulated PMN also induce febrile responses which

are bloassayed routinely in rabbits (Beeson, ‘48). Although

definitive studies concerning the physiochemical nature of these

PMN—derived substances are not available , ieccnt reports suggest

that some of the metabolic responses may he induced by li p ids

(Mapes and Sobocinski , ‘77b) or essential li pid moieties , some of

which are formed as a consequence of prostag landin (PC) synthesis

(Mapes et al. , ‘77) .

It, thus, was of interest  to determine whether  Zn: affects the

in vit ri  production of leukocytic media tors  and PC , and might  have

potential  e f f i c a c y  in control of metabolic responses whose mechanisms

of action are known to Involve de novo PG synthesis.  Resul ts  of these

studies ind icate that Zn ion can inhibit the in vitro formation of

PC and those PMN—derived substances which induce fever , enhance

neutrophil release from bone marrow , depress plasma Zn, and enhance

hepatic levels of nonmetabolizable amino acids. Zn ion , however ,

has no detectable inhibitory effect on the in vivo action of PMN—

derived pyrogenic substance(s) whose mechanism(s) of action involve

de novo PC synthesis. Instead , it appears to prolong or augment

rabbit febrile responses to pyrogen.
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MATERIALS AND METHOD S

Animals

Male Sprague—Dawley rats weighing 180—220 gm were purchased

from Microbiological Associates or Charles—River Breeding

Laboratories, Inc Male Dunning—Fisher rats weighing 160—200 gin

were purchased from the same suppliers. Rats were maintained at

220 C with 12—hour intermittent periods of light and darkness.

They had access ad libitum to pelleted rat chow and water . Locally

purchased male, New Zealand white rabbits uere used for pyrogen

assays, while rabbits of either sex were used for production of

stimulated PMN.

• Preparation of cells

Stimulated rabbit PMN were harvested from glycogen—induced

per itonea l exudates and incubated in physiological saline (108 PMN/ml )

using previously reported procedures (Mapes and Sobocinski, ‘77a).

After  1 hour incubation at 370 C in a shaking wat er b a t h , the cellular

debr is was removed by ul tracentrifugation. The stipernatant solutions

obtainel in this manner represent the crude mediator preparations

used for .subsequertt bioassays. All procedures were carried out as

aseptically as possible to minimize endotoxin contamination .

• Individual preparat ions were tested for endotoxin contamination us ing

pyrogen assays in non— endotoxin r e f rac to ry  rabbits  (Creisman and

Woodward , ‘70) .

L 
_



6

Incubation of cells with Zn ion

Incubations to test the effect of Zn ion on mediator production

consisted of 3 x ~~~ PMN and the desired concentrations of Zn ion,

added as ZnC1
2 (Mallinckrodt), 

in 30 ml physiological saline. Control

incubations also contained 3 x lO~ PMN suspended in 30 ml saline.

After 1 hour incubation at 37° C, 1.0 ml of saline or 1.0 ml of ZnCl2

solution of the desired concentration was added to Zn—treated and control

incubations, respectively . One portion of PMN also was processed

without addition of Zn ion for use as a control to determine whether

Zn affected preformed mediator activity.

Separate 10.0—ml portions of the P~’ll~ preparation were used to

determine the effect of Zn ion on PC synthesiL~. Subsequent to a

10—minute preincubation with the desired Zn ion concentration , three
• 

• 14 • . 

-

al]quots of [1— C]arachidonic acid (0.2  pCi each ) were added to the

cell preparation at time 0 , 15, and 30 minutes.  Ten minutes prior

to terminating the reaction , the solution was made 1 mM in reduced

glutathionc (Si gma Chemical Co . ) .  Reactions were terminated a f t e r  a

total of 60 minutes incubation by ac idi f ica t ion to p 11 3.5 wi th  1 N 1tCl

and addi t ion of eth yl acetate.  Total PG f ractions were ext rac ted  and

cluted from Amberlite columns as described by White and Glassma u

(‘74). Control cells were subjected to identical conditions with

the exception that Zn ion was added immediately before termination

of the reaction.

Bioa s

Fever responses were measured in n on—e nd ot ox in  r e f r a c t o r y  r a b b i t s

u sing previou sl y desc ribed techniques for pyrog en assay (N ap e s  and
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Sobocinski, ‘77a). PMN—derived mediators (typically 1.0 ml of a 1:20

dilution prepared with pyrogen—free saline ; dilution selected to

preclude temperature elevations of more than 1.5° C) were administered

intravenously (iv). Unless indicated otherwise , Zn chloride (1.6 mg/kg)

or theophylline (30 mg/kg) was administered intraperitoneally (ip)

1 hour prior to mediators.

Plasma Zn, total blood neutrophils , and hepatic amino acid

uptake were measured in samples taken from rats 5 hours after ip

administration of a 1.0—mi test sample. Plasma zn concentrations ,

reported as pg/dl, were determined by atomic absorption spectroscopy

as previously described (Pekarek and Beisel, ‘69). Blood leukocytes

were counted in a Coulter counter after a 1:500 dilution of the blood

with Isoton (Coulter Diagnostics , Inc.) and lysis of the red blood

cells with llcmatall LA—IIbg Reagent (Fisher Scientific Co.). Total

neutrophils fo llowed from a 100--cell d i f f e r e n t i a l  count  of a mn ’~ar

stained with a modified polychron ’e mcth y lene  bl ue stain (Il ema— Tek

Stain P ak ) .  liepatic amino acid uptak c (cpm/ 50 ing wet ~:‘i ght) was

measured by the method of Wanneinacher et al. ( ‘ 7 2 b ) ,  with the

14 . . .exception that  [1— C]a—amino isobutyri c  acid (MB , New Lng i ano

Nuclear) was used as the nonmetaboiiz~ b 1e amino acid . 14C—AI B

levels were measured in liver samples perfused c]ear of Vi.~ ible

b lood . Bioassay controls consisted of mediator  samples that  had

bee n heated at  100° C fo r 30 minutes prior to administration.

Data were statistically analyzed by one—way analysis of var iance .

The significance of differences between means (P < 0.01) was

determined using Fischer ’s protected least significant difference

(Snedecor and Cochran , ‘67 ) .
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RESULTS1’2

Effect of Zn ion on mediator production: Zn—depressing acitivity

Figure’ 1 compares the Zn—depressing activity produced in the

presence of specific Zn ion concentrations with the activity produced

by appropriate control incubations. A decrement in production of this

activity was detected with Zn ion concentrations of 0.125 and 0.25 mM;

although , these preparations still induced statistically significant Zn

depressions when co~ipa red to their heat—inact ivated bioassay controls.

In cont rast , the activity produced in the presence of 0 . 5 — 2 . 0 inN Zn ion

did not induce Zn depressions statistically different from those

produced by ad&r i st r a t ion  of their corresponding hea t— inac t iva ted

con t r o l n , the r eby i n d i c a t i n g  100% inhibition of production . The Zn—

depressing activity produced by control cell preparations to which

equivalent Zn ion concentrations were added subsequent to the

incubation period (fig. 1, expt. controls) were identical with the

activity produced by stimulated P~~ in the absence of added Zn ion.

The latter observation prompted an investigat:ion of the Zn

content  of the mediator  preparat ions , since one mi ght assume thjt

normal plasma Zn levels would be altered by adm in i st r a i  ion of

preparations wi th high Zn contents .  It was found that  a minimum of

85—90% of the Zn ion nddcd to the cell incubat ions was lost d u r i n g

incubation and processing of the cells (presumabl y removed with  the
.1

cel lu lar  debris) .  Time course studies showed that  the remain ing

Zn was absorbed into and cleared from the ra ts ’ ci rcula t ion w i t h i n

3 hours and , thus , did not al ter  the p lasma Zn l evels measured

5 hours a f t e r  ip In jec t ion  of test samp les.

~ 

~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~
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Production of activities induci~~ neutrophil release and

enhanced hepatic amino acid concentrations

Production of these activities also was inhibited by Zn ion

(fig. 2); although inhibi tion did not appear to be a linea r , dose—

dependent phenomenon . Production of neut rop h i l — r e l .e a s i ng  a c t i v i t y

(f ig.  2A) was not a f f e c t e d  by Zn ion concent ra t ions  of 0 .5  mM or

less , as can be seen by comparing the activities produced in the

presence of specific Zn ion concent ra t ions  with that prod uced by

cells in the absence of added Zn ion. Prod uction of this ac tivi ty ,

however , was inhib ited markedl y by Zn ion concentrations of 1.0 mM

and greater . In add i t i on , a slight incremen t (P < 0.05) in the

hea t—stab i l i t y  of this  ac t iv i ty  was noted wi th  those p repa ra t ions

produced in  the presence of 0 . 5— 2 . 0  mM Zn ion . In con t ras t ,

neutrophi l—reicas ing  a c t i v i t y  produced by cont ro l  cell prepara t ions

(equivalent Zn ion con contra t ions  were  added sub sequent to the

incubation per iod)  did not d i f f e r  statistically f ro m tha t produ ced

by s t imula ted  PMN w i t h o u t  added Zn ion.

A similar pa t te rn  of inh ib i t ion  was observed for  p roduc t ion  of

the ac t iv i ty  Inducing enhanced hepat ic  levels of Th C_ A I B ( f i g. 2B) .

The only d i f f e r e n c e  1~ in~ tha t  product ion  of th is act iv~~ty was

inhibi ted by Zn ion c o n c e n t r a t i o n s  in excess of 1.0 mM. A

s t a t i s t i c a l ly insi g n i f i c a n t  increment of h e at — s t a b i l i t y  also was

noted wi th  p r epa ra t i ons  tha t  contained 1 . 5 — 2 . 0  mM Zn ion.  Again ,

the a c t i v i t y  (and i ts hea t --l ab i l i t y)  produced b y Z n — t r e a t e d

control. cell p r e p a r a t i on s  did not d i f f e r  f rom t h e  a c t i v i t y  p roduc ed

in the absence of added Zn ion.
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Production of pyrogenic activity

Table 1 summarizes the e f f e c t  of Zn ion on product ion of

pyrogenic ac t iv i ty  by s t imulated PMN . Product ion of pyrogenic

activity was inhibited in a dose—dependent manner by Zn ion

concentrations ranging from 0.25 to 1.0 mM; whereas, a lower

Zn ion concentration (0.125 mM) had no de •~ctablc inhibitory

effect on its production . Pyrogenic activity prod uced in the

presence of 1.0— 2.0  inN Zn ion did not induce rabbit  fevers  which

d i f f e r ed  s tat is t ic~ lI y from those induced by a d mi n ist r a t i o n  of an

equivalent volume of nonpyrogcnic saline , thereb y. indicating 100%

inhibition of pyrogen production . There ~as no ~ctoctabie

inhibition of pyrogen produc t ion  in control cell prepara t ions  to

which equivalent concent ra t ion s of Zn ion were added subsequent  to

the :Lncubation period . These control preparations ind uced the same

amount of fever as the activity obtained from untreated cells (ccc

Table 1); however , rabbit fcbr ilc responses were prolonged 1

media tors obtained from cells incubated with 1.0 mM or more Zn ic

The latter observation could not be attributed to contami.nal in~

endotoxin.

E f f e c t  of Zn ion on PG syn thesis

Since 2 mM Zn ion was adequ a te  for  complete  in v i t r o  in h ib ~~i.i. on-

of de tec tab le  med iato r  product ion , the e f f e c t  of th is  Zn ion

concen t ra t ion  on PG syn thes i s  was assessed.  Table 2 summar i ;~e~; the

r e s u l t s  of these s tud ies .  From the c a l c u l a t e d  p er c e n t a g e  of

a rachidonic  acid incorpora ted  into  the to t~. PC f r a c t i o n  in the

--—--

~

- -

~ 

-- ,- .
~~~~~~~~~ .-
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presence and absence of Zn ion , it can be seen that 2 mM Zn ion

results in ~5—90% inhibition of PC synthesis. Zn ion had no effect

on the quantity of [1—14C]arachidonic acid recovered in the PG

fract ion when added to the cellular system after the incubation

period . PC synthesis also was evaluated in the presence of lower

Zn ion concentrations (0.125—1.0 mM) ; however , the resul ts of

these experiments  remain equivocal .

E~~~~~~ Zn ion on in vivo p~~~~g e ni c  ac tiv ~~ y

It was of interest to determine  whether  Zn mi ght  have some

application in control of f eb ri le  responses , because of the

pro longat ion  of fever  observed du r i n g  bioassayr~ des ign  ~ to

evaluate the e f f e c t  of Zn ion on product ion of pyrogenic a c t i v i t y .

Therefore , the e f f e c t  of Zn ion :tn r e g u l a tio n  of fever  was studied

using crude PMN—d erivc d substances c o n t a i nin g  pyr ~~ ,en ic  a c t i v i t y .

As shown in f ig .  3A , Pl’IN--deri.ved subs tances  induced nonop ha sic

fevers which  reached m ax ima l  e leva t ions  appro:-: .i ;na t c i .y  45 minutes

a f t e r  iv a dm i n i s t r a ti on .  These fevers  r e t u r n ed  to basal  levels

w i t h i n  70— 80 minu tes  and remain cd t h e r e  d u r i n g  the  subsequent

2—3—hour  period , indica t ing  an absence of con t a ln i n a t i n g  en dotoxin

in the preparat ions . When r a b b i t s  were t rea ted  w i th  Zn ~~~~~ 1 hour

before  a d m i ni s t r a t i o n  of pyrogcnic  a c t i v it y  ( f i g. 3A) t he  norma l

fever  p r o f i le s  were a l tered . In t h i n  case , in;n-~l ina l f ever s  of

prolonged d u r a t i o n  were obtained 1 hour  a f t e r  admin 1st r at  Ion of

media tors  and the ch ange 1.n fever  (A ° C) ap i ared to be about

]..4 t imes those obtained w i t h  equa l  doses of the . same m e d i a t o r  -

~~~~~~~~ t i on in on t rea ted r abb i t s  . When Zn I on (m m  im~mm of 0. 04
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big/kg) was administered iv with the mediator preparation (not shown

in f ig.  3A) , fevers of prolonged duration were obtained , but the

t~°C did not d i f f e r  s ignif icant ly  from that  induced by the media tor

preparation in the absence of added Zn. Fevers of Zn—media to r

t reated rabbits remained elevated 4—6 hours before  r e tu rn ing  to

basal levels. Adminis t rat ion  of an equal concentrat ion of Zn ion ,

in the absence of med iators , did not resul t in a de tec table fev er

a l tera t ion during the period of bioassay .

These resul ts  suggest several possible in vivo actions of Zn

ion includi.ng stabilization of cyclic AMP , since Zn is a known

inh~ bitor of phosphodiesterase (Cheung,  ‘6 7 ) .  This poss ib i l i ty

was tested  d i rec t ly using thoop hyl l ine  which is also a known inhibitor

of phosp h iodies te rase  (Nathanson , ‘ 7 7 ) .  Trea tment  of rabbi t s  w i t h

theoph y ll ine ( f i g. 3B) , adminis te red  ip 1 hour be fore  med ia to r s ,

result:ed in pr o i c  • :o d  fevers that  were qu a h i t a t i ve l \  simi l a r  to

those resul t ing from Zn—media to r  t r e a t m e n t  of r abb i t s .  T r e at m e n t

of r abb i t s  with an equivalent  c o n c e n t r a t i o n  of thcop h y i lin e  resu l ted

in no si g n i f i c a n t  a l t e r a t i o n  of fever  d u r i n g  the p e r i o d  of b i o a s r : v .

i
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DISCUSSION

The results of this s tudy suggest tha t  Zn ion can inhibit some

of the in vibro processes of stimulated rabbit PMN which result in

production of PG and those leukocytic mediator activities inducing:

fever , p lasma Zn depression , release of neutrophils from bone m arrow ,

and enhanced hepatic uptake of amino acids.  These e f f e c t s  of Zn ion

are consistent  wi th  several repor t s  which demons t ra te  tha t  Zn ion

inhibi t s  various g ranulocy t e  f u n c t i o n s .  Some of the f u n c t i o n s

inh ib it ed  b y Zn ion include: oxygen consumpt ion (Chi vap il e.t a l . ,  ‘77 ) ,

phagocytosis  (Chvap i l , ‘76) which has been proposed as a t r igger for

leukocyt ic med iat or p roduc t ion  (Beisel , ‘75 ) ,  and granulocyt e

killing of E. coli (Cluvap il et al., ‘77).

Zn ion inhibit ion of some of these functioc.s depends upon

increased i n t r ace l l u l a r  Zn C O f l t C i t  and , in some cases , the presence

of other metal  ions in the incubat ion  medium (Chvnp i 1 ot al .  , ‘7 7 ) .

In the present s tu . i y ,  however , the  ac t ion  of Zn ion appears  to be

ind~ p en d c nt  of i n t r a c e l l u l a r  Zn ion c o n c e n t r a t i o n s .  E l e c t r o n

microscopic s tud ies  of si i .muln ted  PMN , p r ep ar ed  by prev~.ously

described method s (Mapus and Sol,ocinsk i , 7 7 a )  , showed t h a t  the

PNN rap idl y lost  i n t e g r i t y  d u r i n g  the in cu b at i o n  period . This l oss

of c e l l u lar  i n t e g r it y  does not coincide w i t h  t e rmina t i on  of e i t h e r  
-

PG or l euk ocyt i c  m e d i a t o r  p roduc t ion  ( t h i s  labo r ato ry , unpubl i shed

d a t a ) .  Likewise , the e f f e c t  of spec i f i c  meta l  ion s in comnb ina t ion

w i t h  Zn is d i f f i c ul  t to eva lua te  in these s tud ies  because several

meta l  ions n o r m a l l y  are present  in m e d i a t o r  p r e par a t i o ns .  These

meta l  lori s Inc lude :  Cu , 0 .6  ± 0.04;  Fe , 46 ± 10.6 ; Mg, 0 .5  ± 0.03;

Ca , 1.0 ± 0.1; and Cd , 1.0  (tig/dI ± SE ) ;  and ~ 1.1 ± 0 . 1  mE q/1 .

Some of these  metal ion ’; a l te r  p r o d u c t i o n  of l euk or y t  I r  m e d i a t o r s
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(Mapes and Sobocinski, ‘77a); however , it remains to be determined

whether they act in conjunc t ion  with Zn or independentl y.

The inhibitory e f f e c t  of Zn ion on PG synthesis is also in

agreement with an apparent interrelationship between PG synthesis

and leukocytic mediator production (Napes et a l . ,  ‘7 7 )  as well as

the e f f e c t  of other metal  ions on PC synthesis  (Deby et a l . ,  ‘73 ) .

The action of metals  on PG synthes is  is sonr~ wha t dependen t  upon the

PC class of interest  and the source of the syn the tase  system.  However ,

it has been found t ha t  heavy meta l .s (Au , Ag and P t )  general ly inh ib i t

PC synthesis  (Deb y et a l . ,  ‘73) ,  while other metal  ions (Cu and Fe)

augment  synthes is  of certain PG (Lee and Lands , ‘72 ; Zur ie r , ‘76 ) .

The i n h i b i t o r y  e f f e c t  of Zn ion (and some other  heavy m e t a l s )  may

be• a t t r i b u t e d  to ei ther  inh ib i t ion  of enzymes w i t h i n  the  PG synthcl .n ; ;e

complex or to other po ten t ia l  ac .t ions .4 One poss ib i l i ty  is t h a t  Zn

ion inhi ihi .t s  phospholi pase A (Wells , ‘73 ) ,  t h e r e b y ,  p r e v e n t i n g

l iberat ion of subs t ra te  (primaril y arachidonic acid ) for PG s y n t h e s i s .

A second poss ib i l i ty ,  suggested by [l— 14Cla rach idon ic  acid recovery

stud ies , is tha t  Zn ion also enhances i nco rpo rat ion  of th is f a t t y

acid into  membranes where it is not  ava i l ab le  fo r  PC synthesis.

However , the unstable n a t u r e  of a rachidonic  acid  as wel l  as the

numerous “ t r a n s f o r m a t i o n s” which it mi ght  undergo  in the  cellular

system make it. d i f f i c u l t  to fu l ly assess t h m i ~ p o s si bl i t y .

In con t r a s t  to i ts  in v i t r o  i n h i b i t o r y  ac t ion  on m e d i a t o r

product ion and PG syn thes i s , Zn ion augm ent ed  or prolonged rabbi t

feb r i le  responses induced by endogenous p y r o g en .  Since f eve r

in d u c t i o n  by pyrogen invo lves  de novo PG syn thes i s  accompanied

by enhanc ed l evels of c y c l i c  AMP (fey ( t  al . , ‘74 ;  Daseonibe and



15

Milton , ‘75) , the potential mechanisms by which Zn ion might

prolong fever include : stabilization of endogenous pyrogen,

stabilization of other fever inducing substances (cyclic AMP

or PG),  or in i t ia t ion  of an In f l ammatory  response inducing

in vivo pyrogen production.

The latter possibility seems remote since there was no

detectable  a l t e ra t ion  in fever in Zn- t rea ted  control rabbi ts

during the Period of bioassay . Likewise , the possibility tha t

Zn ion s t ab ili z e s  PG of the E—type throug h inhibi t ion  of

15—prost ag landin deh ydrogenase (PCD II ) seems remote since we

were not able  to demons t ra te  any inhibi tory  e f f e c t  of Zn ion

on in vi t ro  PCDII a c t i v i ty  in o ther  exper iments .  Thus , the

poss ib i l i t y  th at  endoger ious pyrogen or some other feve r—produc ing

compound was st ab i lized , seems the most likely exp lanat ion  for

the observed p ro longa t ion  of fever  by Zn ion .

Al though ~. o cannot  r u l e  out poss ible  s t a bi l i z a t i o n  of

endogenous pyr ogen , t h e  ana logous  e x p e r i m e n t a l  r esu l t s  obta ined

by a d m in ~ s t r at  Ion of m e d i a t o r  p r ep ar a t  ions  in combinat ion w i t h

e i the r  Zn ion or t h e o p h r y l  1 i nc  suggest  t h a t  Zn ion prolongs feve r

by st ab i  l i z i l i t ;  rye  i c  ,‘ l ~~ This h yp oI .he ’~is is suppor ted  f u r t h e r

by r epor t s  dr .T.o a s t  m a t  I ~~~ t i r .  it  Zn ion (Cheung , ‘ 67)  and th eop h v i  1 i

(Na Lhnn son , ‘ 7 7 )  are m b  lb i tors  of phi osp hio d l e s t  erase , whose i n hi b i t  ion

can resul t  in a c c u m u l a t i o n  of cyc l i c  AMP w h i c h  can cause a u gm e n t a t i o n

or prolongat i  on of some cyc l i c—AM P m~’dIat cd  r e a c t i o n s  (N at i t anson , ‘77).

The In v i t r o  l n h i i b i  t ion of sonic gr a nu l o cyt e  f u n c t i o n s  by Zn Ion

and the a b i l i t y  of Zn ion t.o al t er  in vivo f e ver  r e sponses  may be of

si g n i f i c a n c e  if one cons ide r s  va r ious  host  responses to  I n f e ct : l on .5
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Plasma Zn levels, for  example , normally decrease rather  than increase

in response to Infection or inflammatory stresses (Beisel , ‘75).

This decrease in plasma Zn may also indicate a decreased Zn

concentrat ion within granulocytes since they respond rap idl y to the

Zn concentration of the surrounding medIum (Chvapil et al., ‘76),

and the majority of the plasma Zn appears to be redistributed to

the liver (Pekarek et a l . ,  ‘72b ) where i t .  is incorporated into

Zn— binding proteins (Sobocinski et a l. ,  ‘77). Decreased plasma Zn

concen tra tions , thus, may assis t phagocy tic cell func tions which

have been postulated to be part of the host ’s defense mech iiri~.s.

Two examples of this possibil i ty are : peak phagocytic ac t iv i ty  of

cells obtained from burn pat ients  coincides wi th depressed serum

Zn levels (Lennard et a l .,  ‘74 ) ,  and infect ion—induced p1asa~a Zn

depre ssions coincide with some enhanced neutr ophil func ti ons

(Wannemacher et al., ‘75b). In vivo Zn depressions also may

potentiate ei ther  product ion  or a c t i v i t y  of sono leukocyte~-d c- ’i .ved

mediators; however , Zn—depression is not proposed as a t r igger  for

production of these substances.  While p lasma Zn depression may

precede other metabolic and physiologic (fever) alteratio;~n in

some in fec t ions  (Wann emacher et a l . ,  ‘ 7 2 a ) ,  fever  is n or m rm l ly  tiie

first detectable indicator of illness. -

The precise effect(s) of fever on time host ’s defense

mechanism , whi ch Includes r e d i s t r i b u t i o n  of Zn , remains unc l ea r .

One reason for this eni gma may be th a t .  many exper imenta l  approaches

involve ei ther artificial induction of fevers which exceed the

normal range of  f e br i l e  responses (Bennet t  and N i ca st r i , ‘60) or

t empe ra tu r e  al  ten t ions Induced pr io r  to i n fec t  I on (Atwood and }bmss
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‘64). Prolongation of fever with Zn Ion (or perhaps theophylline),

thus, may prove to be a useful technique for studying the effect of

fever on host defense mechanisms that are potentially temperature

dependent (e.g., phagocytosis , leukocyte migration , leukocytic

mediator activities).
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1~OOTNOTES

‘The leukocytic mediators discussed in this paper classically have

been definea as heat—labile substances derived from stimulated PMN

(BeIsel , ‘75). Those mediator preparations which do not meet the

criterion of heat lability normally are considered to be endotoxin

contaminated . During these investigations, however , it was discovered

that some mediator preparations can be heat—stable , although bacterial

endotoxin contaminat ion could not be demonstrated by ei ther bac te r i a l

cul tures  or pyrogen assays in non—endotox in re f rac tory  rabbits .  Zn

ion has no detectable  e f f e c t  on either PG synthesis or mediator

production with those cell prepara t ions  wh i ch produce heat--st able

mediator a c t i v i tie s .  Since we cur ren t ly  are unable to explain t h e

d i f f e r ences  between hea t—stab le  and h e a t- l a b i l e  preparat ions, we

have elected to restr ict  this prescntat~. n to those preparai : i on s

which meet  the classic c r i t e r ion  of heat l iabi l i ty .

2 Spra gtme -Dam ’] ey ra t s  are used routinei.y fo r  h ioasnayin g  mediator

ac t iv i t i e s .  Neutrop h i l—releasing  a c t i v i t y ,  h owever , must  be c o n fi r m ad

in Dunning—Fisher rats becau~;c Spraguc--Dawley ra ts  have nonspec i f i c

neutrop hi .l r esponr ~cs to mediator  p r e p a r a t i o n s  conta in ing  hepar in

(Filk ins and D iLuz io , ‘68 ) .  -

3Tlmese studies have not been done with in t a c t , s t imulated  IThN . However ,

it is worth not ing tha t  exper Imental  resu l ts  o b ta i n e d  w i t h  In t a c t  cells

may d i f f e r  from ours-, since release mechan i sms  as well  as “s y n t h e t i c”

procerses may be Involved In med ia to r  p r o d u c t i o n .
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4possible cytotoxic effects of Zn ion have not been discussed , since

we obtained no evidence which Indicates that Zn ion is cytotoxic at

the concentrations employed in these studies. Similar observations

concerning the cytotoxic effect of Zn salts on leukocytes also have

been presented by Ward Ct al. (‘75).

5On the basis of the experimental results obtained in th is study

and the available literature , it is reasonable to postulate that Zn

ion may have some r egu la to ry  f u n c t i on ( s )  in the host ’s defense

mechanisms . These func t i ons , however , may not  be as simp le  as the

reader is led to believe , s ince  the e f f e c t s  of Zn ion are ext rcme ] y

comp lex. Thus , one must  a] so consider  possible d i f f e r e n c e s  in time

effect of Zn ion on resting, partiall y—stimula ted , and fu 1Jy— st ini ;~t ra~

granulocytes; the magnitude of Zn alterations wh ich occur du r i n g

in fec t ion ; and the Zn ion concen t ra t ion  range over which a spec i f ic

e f f e c t  may be observed .



. -~~~~~~~~~~.-.- ---~~~~~~~~~~~ .~~~~~~

20

LITERATURE CITED

Atwood , R. P., and E. 1-1. Kass 1964 Relationship of body temperature

to the lethal action of bacterial  endotoxin . J. d in . I n v e s t . ,

43 : 151— 159.

Beeson , R. B. 1948 Temperature—elevating effect of a substance

obtained from polymorphonuclear leui’ocytes . J. Cl in. Invest.,

27: 524 (abstract).

Beisel , W. R. 1975 Metabol ic  response to i n f e c t i o n . Ar ,nu . Rev.

M e d . ,  26 : 9-20.

Bennett , I. L., Jr., and A. Nicastii 1960 Fever as a mechanism

of resistance . Bacter iol .  R e v . ,  24 :  16—34 .

Chvap il , M., P. L. Weld)’, L. Stanko~’a , D. S. Clark and C. F.

Zukosk i 1975 Inhibi tor y effec t of zinc ions on p la t ele t

aggregation and scrotonin release reaction . Life Sd ., 16:

561—572.

Chvapil , M . 1976 E f f c o t of zinc on cell s  and bi omemnbran es .  Ned.

Clin .  N. Am., 60: 799--812 .

Chvap i l , N . ,  L . Stankova , C. Zukoski , IV ~~id C. Zukc ski, Ill 1977

Inh ibit i on  of soni c f u n c t i o n s -  of pol yinorph o nu c le ar  leu k ory t es  b y in

vitro zinc. J. Lab. Cl in . Med., ~9: 135—ltiG .

Cheung, W . Y. 1967 Properties o .  cycl ic  3’ , 5’ —nu c 1eotI d~

phosphodi.e s ter ase  from rat: brain . Biochemis t ry ,  6: 1079—1087.

J)ascombe , M. J., and A. S. Milton 1975 The effects of cyclic

adcnosine 3’ , 5’ —m onop hosp hatc  and o ther  ad en l ime  nuc l eo t  ides

on bod y t emperature . J. Phy sio l  . ( Len d . ) ,  250: 143— 160. 

- - 



— -~~~~~~~~~~~~~ -— - ~~~~~

-
~~~~~~~~~-~ -~~-~

21

Deby, C . ,  Z.  M. Bacq and D. Simon 1973 In vitro Inhibition of

the biosynthesis of a prostaglandin by gold and silver. Biochem .

Pharmacol.’, 22: 3141—3143.

Dey, P. K., W. Feldberg, K. P. Gupta , A. S. Milton and S. Wendland t

1974 Further studies on the role of prostaglandin in fever. J.

Physiol. (Lond.), 241: 629—646.

Edding ton, C. L., H. F. Upchurch and R. F. Kampschmidt 1971

Effect o extracts from rabbit leukocytes on levels of acute

phase globulins in rat serum . Proc. Soc . Exp.  Biol . M e d . ,

136: 159—164 .

Filkin s, J. P., and N. R. DiLuzio 1968 }leparin protection in

endo toxin shock . Am. J. Physiol., 214: 1074—1077.

George , D. T., F. B. Ah eics and N. C. Pow~ nda 1975 Alterations

in plasma glucose , insulin and glucagon induced by a leukocyte

derived fact :o r ( s ) . Clin . Re s .,  23: 320A (abstract).

Cr eL sman , S. E . ,  and C. L. Woodward 1970 Mechanisms of

endotoxin to le rance .  VI I .  The r o l e  of the liver . J. Iminunol.,

105 : 1468 - 1.4 76 .

ilogherg ,  B . ,  and Uvnas , B. 19~ 0 Fur ther  observat ions  on th e

d i srupt i o~ of rat  mem e nt ur y  mast ce l l s  caused by compound 48/80 ,

ant i g e n— a n t i b o d y reac t ion , lec i thinase  A and decyl amine.  Acta

Piiysiol . Scand . ,  4 2 :  133—1 45.

Kampschm ldt . , R.  F . ,  and 11. F.  Upc h i t i r c h  1969 Lowering of p l a sma

iron concentratIon i n  the rat w i t h  i cukocy tic  e x t r a c t s .  Am.

J. Phy s i ol . ,  216: 1287— 1291 .

Kampschmld t , R. F., and H.  F. Up churc h  1.970 The e f f e c t  of

endogcnous pyrogc’n on the plasma zinc concentration of the rat- .

Proc . Sec. Exp.  B l o l .  M e d . ,  i 3 ’~: l l 5 0~-] l 52 .



22

Kampschmidt , R. F., R. D. Long , and 11. F. Upchurch 1972 Neutrophil

releasing activity in rats injected with endogenous pyrogen.

Proc. Soc . Exp . BIo1. M e d . ,  139: 1224—1226.

Kazimierczak , W., and C. Maslinski 1974 The effect of zinc ions

on selective and nonselective histamine release in v i t r o . Agents

Actions, 4: 1—6.

Lee, R. E., and W . E. M. Lands 1972 Cofactors in the biosynthesis

of p ros tag l.andins F1 and F2 .  Biochim. Biophiys. Acta , 260: 203-21.1.

Leonard , E. S., A. B. -Bjornson , H. C. P e t e r i n g ,  and J. Alexander

1974 An immuno logic and n u t r i t i o n a l  eva lua t ion  of burn neutrophil

function. J. Surg . Res., 16: 286—298.

Napes , C. A. , P. T. George , and P. Z. Sobocineki 1977 Possible

relation of pros t~-~ 1~ ndJ ns to PNN—derived mediators of host

metabolic responses to inflammat ion . Prostag i arid ins, 33: 73—85.

Napes , C. A., and P. Z. Sobocins-ki l977a Differentiation between

endogenous pyrogen and leukocytic endogenous m e d i a t o r .  A i m .  J.

Physiol., 2 32: C 15—C22 .

Napes , C. A . ,  and P. Z .  Sohocinshzi.  1977b Lip ids and host: metabol ic

responses to ~.nfln. ’,ieit ion . Cl i n .  F~es. , 25: 330A (abstract).

N ath anson , J. A. 1977 Cycl ic  nuci.~~ot ides and  nervous sy s t e m

func tion . Physi.ol. Rev., 57: 157- -256 .

Pekarek , R. S . ,  and W . R. Beisel 1969 Effect of cndotoxLm Ofl S C Y S ’ :

zinc concentration s in the rat. A pp i . Nicrebiol . , 18: 682—484

Pekarek, R. S . , N.  C. Powand a , and R .  V . Wanncsnacher , Jr. 197 2a

The e f fe c t  of leukocyt.  i c endoge nous media to r (LEN) on ~-erum

copper and ccrulop l m i s m i n  c o n c e n t r a t i o n s  in time r a t .  Proc . Soc :

Exp . h t ( o l .. M e d . ,  1/ i l :  1029—1 03 1. 

-
~~~~~~~~~~~~~~~~

-
~~~~~~~~~~~~

-
~~~~~~~~~~ -~~~~~~~~~~~~~~

, - -.- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



23

Pekarek, R. S., R. W. Wannemacher , Jr., and W. R. Beisel 1972b

The e f f e c t.o f  leukocytic endogenous mediator  (LEN) on the tissue

distribution of zinc and iron. Proc . Soc. Exp . Biol. Mcd ., 140:

685—688.

Snedecor , C. W ., and W. C. Cochran 1967 Statistical Methods , 6th

ed., Iowa State University Press, Ames. pp. 258—298.

Sobocinski , P . Z . ,  W. 3. Can te rbury ,  and C. A. Napes 1977

Induc t ion  of hepa t ic  z inc—binding  prote ins  by endotoxin and

leukocytic endogenous mediators (LEN). Fed . Proc ., 36: 1100

(abstract).

WanneiQacher , R. V. , Jr. , Ii. L. DuPont , R. S. Pekarcdz, M. C. Powanda ,

A. Schwar tz , R. B. Ilornick , and V. R. Beisel 1972a Ln endogcnous

mediator of depression of amino acids and traec meta l s  in seru;r

during typhoid fever . 3. 1nfcct. Dis., 126: 77--86.

Wanneniacher , R. U ., Jr., R. S. Pekarek , and U. R. Beisel l9/2b

Mediator of hepatic amino acid flux in infected rat:s. Proc. Soc.

Exp . Biol. Mcd., 139: 122-132.

Wanncmachzcr , R. W.., Jr., B. S. Pekarek , A. S. Kini .ner , P. J .

Bar telloni , H. L. Di~Pon L , R. B. Horimick , and V . R. Boisci 1975a

Detection of a lcukocyt: c cndogenous m ediator— like mediator of

serum amino acid and ?.in~: depression during various infect ious

illnesses. Infect. Imi i iun . , ii: 873--875.

l•L~ inetn .~~her , B. V., J r . ,  R. ~
‘
. Pekarek , V. L. Thompson , B. T. Curnow ,

F. A. Bcall , T. V. Zenser , F. B. DeRubertis , and V. R. Beisel

1975h A protein from pol ynm orp h o n uc l e ar  l e m ik o c y t e s  (LEN) wh i ch

affects the r,,te of h e pat i c  amino ac id  t r an sp o r t  and sy n t he s i s

of ac.ute -- p lm : mee  g l o b u l i ns .  E n d o c r In o l o g y , 96 : 6 5 1 — 6 6 1

-- . .~~~~~~~~~~~~~~ -- ~~~~~~~~~~ - . --~~~~~~~~~~~~~ ~~~~~~
. --



24

Ward , P. A., P. Coldschmidt , and N. D. Greene 1975 Suppressive

effects of metal salts on leukocyte and fibroblastlc function .

J. Reticuloendothel . Soc., 18: 313—321.

Wells , N. A. 1973 Spectral perturbations of Crotalus adarnanteus

phospholip ase A2 induced by d i v al e nt  cation binding.  B i o c h e m i s t r y ,

12: 1080—1085.

Whi te , H. L . ,  and A. T. Classman 1974 A simple r adiochc mical

assay fo r  p ros tag landin syn the taso . Prostag l andins , 7: 123—129.

Zurier , R.  B. 1976 Pr os tag landin release f r om  human

pol yniorphonuclear  l eukocytes .  Adv .  P ros tag ]. and in Thro: h ox ane  Res .

2: 815—818.

_ _ _ _  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



-~~~~~ --

25

TABLE 1

Effect of zinc ion on production of p~ ro~ enic ac tivl~~~

A°C (nican ± SD)

muM Zn 2+ Added Z i n c — t r e a t e d  Control

None 0.9 0 .2 —

0.125 0.9 + 0.2 1.0 ± 0.3

0.25 0 .6  ± 0.3  0 .9  ± 0.2

0.50 0.4 ± 0. 2 0.9 ± 0.3

1.0 0.2 + 0 .2 1 1.0 + 0 .2

1.5 0.2 ± 0.2 1 1.0 + 0.2

2 . 0  0 .2  ± 0.31 0.9 ± 0.2

Rabbit  fe br i l e  response .~ to pyio~ cnic a c t i v i t y  ob t a i no d  from

st iuu iat ed  PN~ in  the presence (Zn—t :r sated)  and absence (cent to],

equivaleni: Zn ion concentrations were a d d e d  at  the t c r m i . n r t in n  of

i n c u b a t i o n)  of v a r i o u s  Zn ion concent. :r at ions.  Individual p r e p a r a t i on : :

were t es ted  in 4 rabb i ta , / 5  m i nu t e s  a f t e r  iv ii~~ec t ion  of a 50—p l

test: samp le d i l u t ed  to 1 .0  ml wi th  p y i  ogen — f r  c c  saline .

1
Stalisticnliy si ~:i  l i c a n t  (P < 0.01 ) f e ver s  ( o n  ci no t  be ob t a i n~ d

w it h increased doses (200—503 p1) of pyrogon mnatct: ;il
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TABLE 2

E f f e c t  of zinc ion on u t i l i z at i o n  of [l~~~~4C]arachidonic

acid for ~~~ 1aym d~~~ synthes i s

______ 
Z of Control

Preparation 24- % I n l r m b i t i o n
2 muM Zn Control

1 0.6 5.3 89

2 0.7 4.4 85

3 0.7 6.4 90

PC synthesis l y st in iu la t cd  pc rit onca l  PNN is sumnin r i  ted for

thror  r epr e sen tat ive .  prcpar a t i as . i nh ibi t  ion  of P(; synthesi

aet ermin ed by compar Ing  time 1me~:cem1 t [~~_ 1 4 C] ar a c h i d~ n i  c acid ut ii nod

for  PG synthesis  in the pros cc  of z inc  ion wi th  t h at  u ti l  i~~ b y

control cel ls  to ~.h ic1m equival.e.nt z in c  ion cem ..~ entrnt ions were added

sub sej uen t  to the i n c u ba t i o n .
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LECENI)S TO FIGURES

Fig. 1. Zn—depressing activity produced in the presence of specific

Zn ion concentrations is compared to t1u~ activity produced by

experimental controls to which equivalen t Zn ion concentrations e’i ~~

added subsequent to the 1—hour incubation . Bioassay controls were

obtainec3 by heating individ ua l samples  at 100° C fo r  30 minutes prior

to a dm in i s t r a t i o n . Each p o i n t  represen tc time mean (1- SE) p lasma Zn

concentration of 10 rats 5 hours aftci ip i n j e c t i o n  of a 1.0—mi t c~~t

samp le; shaded areas represent the mean (+ SE) p ia si i~a Zn concent r a t  ion

of all control animals.

Fig. 2. Stimulated PNE p rods t ca : ~ f a c t i v i t t o r  inducin g neuLrr~ h~ 1

release (A) esd cnlLauc:ed l i 5
~ ~c a:::L~o acid  u p t c k r  (E) . A ct : ivit  h r :

p roduced in  the proc cc e of ~~~ :~ f~ C 2ai ion c o n o c u t  i~~ t ions (open b om. s )

are com;~c rod wit h t lm c ir corresp ing, h i c n t - -inac t  iv a t ed  b ioaec: iy

controlc (h atched barn ) . T i c  a c t i vi t y  and 1 :nat— leb i  U ty of 5u~.:.t nccc

produced by cont ro l  p r e p a rat i o n s  to wh ch c ~o [ v a l  c a t  Zn ion

conccfltr :  L t  ons were added sub s c p i e n t  to time imcc:hn t ~ on period (c T ata

not shown) did not d i f f e r  st at .i s tic al l y f c o : i  t h o se of th  sul st :sccs

produced in the absence I Zn in s .  Each bar rcpresc :u t s the  b ioassa)’

nican ± SE obta ined  f rom 10 r a t s  5 hours  after i p i n j e c t  ion of a

1.0—ni l test  samp le.

I
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Fig. 3. Effect  of Zn ion given as ZnCl
2 
(A) or theophyllinc (B) on

rabbit febrile responses to PMN—derivcd pyrogenic activity. Fever

induced by a typical  mediator  p repara t ion  ( • ) is compared with

fevers  obtained a f t e r  t rea tment  with , Zn or theophylline and mediator

( Q ), and Zn or theophyll.ine in time absence of mediators ( A

Zn (1.6 mg/kg) or theophylline (30 mg/k g) was adminis tered ip 1 hour

prior to iv admin is t ra t ion  of 50 p1 m e d i a t o r  I)r epL~r at ion  d i lu t e d  to

1.0 ml with py rog en— free  saline. Hour 0 r ep resen t s  the t i m :: of

m ediator administration . Erch poin t  represents  the mean response

of 4 rabbits.
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